Endogenous lipid pneumonia (multifocal alveolar histiocytosis) in raccoons (Procyon lotor)
A. N. Hamir, C. A. Hanlon, C. E. Rupprecht Endogenous lipid pneumonia or alveolar histiocytosis has been described in laboratory, domestic, and wild animals. [1] [2] [3] In this condition, alveoli are multifocally infiltrated with aggregates of foamy macrophages. In severely affected areas within the cellular accumulations, clefts of cholesterol surrounded by variable numbers of multinucleated giant cells are also seen. These lesions are often observed in clinically normal animals 1, 4 and therefore appear to be of incidental nature, possibly reflecting cellular host response to parasitic infestation. 2 During a recent field investigation of a vaccinia-rabies glycoprotein (V-RG) recombinant oral vaccine for raccoons (Procyon lotor) on Parramore Island, Virginia, 7 various tissues of raccoons were examined for histopathologic lesions to detect adverse reaction to the vaccine. In a previous report, we briefly mentioned the presence of endogenous lipid pneumonia in the island raccoons. 6 We now describe in detail the relevant gross and histopathologic findings of endogenous lipid pneumonia in these raccoons.
The V-RG vaccine trial on Parramore Island (37°32'N, 75°38'W) extended over a 12-month period (August 1990 -August 1991 . To evaluate the effects of the vaccine, 53 adult raccoons (37 males, 15 females, and 1 whose gender was not recorded) were live-trapped, euthanized by intravenous bar-biturate overdose, and necropsied on the island. Representative tissues of all major organs were collected and placed in 10% neutral buffered formalin as previously described. 6 Fixed tissues were processed for histopathology, sectioned at 6 µm, and stained with hematoxylin and eosin (HE) for examination by light microscopy. For each raccoon only 1 tissue block of diaphragmatic lobe of lung was selected for histopathology. Selected lung sections were also stained by Gomori's methanamine silver (GMS) stain. Cryo-sections of selected formalin-fixed lung tissues were also stained with oil-red-o and examined by light microscopy to detect the presence of lipid.
Gross lesions attributable to endogenous lipid pneumonia were only seen in 3 cases. The lesions consisted of multifocal, pale tan, plaque-like, slightly raised areas which were 1-4 mm in diameter (Fig. 1) . The lesions were randomly distributed, but the dorsal caudal areas appeared to have more foci. On cut section the plaques appeared to be located in the subpleural regions (Fig. 2) . Similar pale tan foci were also seen within the lung parenchyma (Fig. 2) .
Microscopic lesions of lipid pneumonia were observed in 16 of 53 (30%) raccoons (32% of males and 25% of females). Since larger proportions of males were necropsied (37 of 53), the prevalence of endogenous lipid pneumonia was found to be only slightly higher in males than in females.
In the majority of these cases (11 of 16), the lesions were located both under the pleural surface as well as deep within the parenchyma. The latter were usually seen in the peribronchial regions. In 4 cases they were present only in the subpleural areas, and in 1 case they were located only in the peribronchial areas. The lesions consisted of aggregates of foamy macrophages within alveolar spaces (Fig. 3) . Except for 2 cases, 1 with emboli of degenerate heartworms in pulmonary blood vessels and 1 with aspirated plant material, there was no other lesion evident around the aggregates of foamy macrophages. In 6 of the 16 cases the lesions were locally extensive and contained cholesterol clefts (Fig. 4) and a few multinucleated giant cells (Fig. 5) . The frozen sections stained for lipid revealed variable amounts of lipid-positive material (bright orange-red) within the cytoplasm of the macrophages and multinucleated giant cells. None of the GMSstained sections revealed any pathogenic organisms.
In humans and domestic animals, endogenous lipid pneu- Figure 5 . Lung, raccoon. Higher magnification of Fig, 4 . Presence of foamy macrophages, cholestrol clefts, and multinucleated giant cells is evident in the alveoli. HE. Bar = 100 µm. monia has been described infrequently. The lesion is most commonly seen in laboratory rodents, occasionally in cats, and rarely in dogs. 3 It has also been described in a single population of 27 opossums in which 70% of the animals had the characteristic pulmonary lesions. 2 The lesion is thought to occur secondarily to a variety of causes such as bronchial irritation or obstruction 3 and pulmonary parasitism. 2 Experimentally, laboratory animals on protein-deficient cirrhogenie and pantothenic-acid-deficient diets 1 and those that have had hypophysectomy 4 also have been shown to have an increased prevalence of endogenous lipid pneumonia.
Endogenous lipid pneumonia has only been reported in raccoons from Parramore Island, Virginia. In the present study, although only 1 lung tissue section per raccoon was examined, histologic evidence of endogenous lipid pneumonia was seen in 30% of the raccoons. The prevalence could have been higher had we examined multiple sections of the lung.
At our laboratory we have examined over 300 raccoons from Ohio and Pennsylvania but have not encountered the lesion in any of these raccoons. Occasionally we have seen isolated cases of multifocal alveolar histiocytosis in raccoons from coastal regions of mainland Virginia, South Carolina, and Massachusetts (Hamir, unpublished) . These observations indicate that the pathogenesis of endogenous lipid pneumonia in raccoons may be related to a coastal marine environment, but the exact cause of this condition remains unknown.
Since the V-RG vaccine was administered to the raccoons on Parramore Island, it can be argued that the vaccine somehow may have been responsible for the presence of lipid pneumonia in the raccoons. This argument is easily refuted by the fact that prior to the commencement of the field trial for V-RG, a thorough investigation of a background survey of pathologic and parasitologic findings in raccoons on the island was conducted which had found 13 of 23 raccoons with lesions of endogenous lipid pneumonia. 6 Lesions of endogenous lipid pneumonia have been seen in opossums from Louisiana 2 and Pennsylvania (Hamir, unpublished). Brown 2 found that 13 of 19 (68%) of opossums from Louisiana with lipid pneumonia had concurrent pulmonary nematodiasis and concluded that pulmonary parasitism was possibly associated with the histiocytic accumulations in the lungs. In the present study, only 1 of the raccoons with the endogenous lipid pneumonia was infected with nematodes (heartworms). However, a large proportion of this raccoon population has been known to harbor other endoparasites such as Phagicola angrense 5 and Hepatozoon procyonis, 6 which the raccoons from Ohio and Pennsylvania lacked. Further studies, however, are required before a parasitic etiology can be associated with the presence of endogeneous lipid pneumonia in raccoons.
